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Executive summary
At the heart of any effort to foster sustainable development, lie scientifi c analysis and 
the application of scientifi c knowledge. Providing scientifi cally correct and appropriate 
information that respond to and anticipate the needs of policy makers and other 
stakeholders is essential when addressing issues from the plight of widespread poverty, 
global changes and environmental degradation. 
Attainment of the Millennium Development Goals (MDG) can not be possible without 
suffi cient technological progress and improved policies to address the global challenges that 
face the resource poor regions of the world. Coupled with efforts to increase agricultural 
productivity, natural resources management (NRM) has become one of the cornerstones of 
research and development within the national, sub-regional and international agricultural 
research systems. The Consultative Group on International Agricultural Research (CGIAR) 
has devoted signifi cant resources into this area of research. Development investors, policy 
makers and researchers alike are keen to assess and evaluate investments in NRM. In 
the past, progress has been limited by the lack of scientifi cally valid ways to evaluate 
the complex environmental outcomes associated with these interventions that need new 
methods and techniques to enhance their effectiveness. 
Understanding of how the interventions affect environmental and socio-economic syatems 
and pathways is crucial in order to sustain the benefi ts of these developments and safeguard 
the destiny of our future generations. Impact analysis must become more problem-focused, 
and apply an interdisciplinary approach to sustainable development issues in order for 
science to become more policy relevant.  
This document focuses on these felt needs and synthesizes a framework for evaluating the 
impacts of tsetse and trypanosomiasis interventions. The need to eradicate or eliminate the 
problem of trypanosomiasis and at the same time promote sustainable utilization of land 
on which millions of poor families depend, are real concerns for the future of 37 countries 
of Africa that are faced with this problem. An understanding of how the interventions affect 
all the other systems that contribute to attainment of the desired goals is now a matter of 
urgency.
In the past numerous efforts to control Trypanosomiasis, have been made largely focusing on 
reduction of the abundance and distribution of the vector. However, all gains made through 
these control efforts have always been short lived due to resurgence of fl y populations and 
disease prevalence in the controlled areas. Based on the experience of past control failures 
to sustain low tsetse populations, the African Union is now promoting the elimination of 
the tsetse fl ies in order to eradicate the disease from the continent through the Pan African 
Tsetse and Trypanosomiasis Eradication Campaign (PATTEC) with government resources and 
the support from the African Development Bank and other development agencies 
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Eradication has costs and benefi ts that need to be evaluated in order to estimate the viability 
of the investment and the sustainability of the interventions. All interventions on tsetse 
control and eradication have expected environmental and socio-economic implications 
depending on the approach used and the place where the control is undertaken, so the 
direct and indirect effects of the T&T interventions should be evaluated across the natural, 
social and economic systems in order to properly estimate the costs and benefi ts of the 
eradication campaign. 
These natural, economic and social systems are dynamic and complex systems, thus 
they exhibit non linear behavior and spatial and temporal lags in their response to T&T 
interventions, making it diffi cult to estimate their direct impacts on an individual system. 
In addition environmental, economic and social systems are linked and interdependent. 
In consequence, interventions on the natural systems can have indirect effects on the 
economic sector and human societies and in a similar way impact on the economy or 
society can have indirect effects on the natural environment. Understanding of how the 
natural, economic and social systems are inter-linked and inter-dependent is necessary 
in order to identify the direction of the fl ows and the magnitude of indirect effects of T&T 
interventions to estimate with higher accuracy the cost and benefi t of the eradication 
campaign, identify areas where further interventions are need to avoid negative feedbacks 
and design strategies to mitigate adverse effects across systems.  
Considering the complex nature of the involved systems, their inter-linkages and 
feedbacks mechanisms, the impact assessment of T&T interventions could be a diffi cult 
task. The challenge is to understand and quantify how the interventions directly affect 
the environmental, the economic and social systems, and how the indirect effects of 
an intervention implemented on one system spread through the others affecting their 
processes and modifying the fl ow and direction of  the linkages between them. Such 
assessments require fi rst a conceptual framework to help in mapping out the main cause 
effect relationships and response patterns. Secondly there is a need for guidelines on how to 
assess the impacts in order to target the right components or groups in the system and apply 
the right methods and tools to quantify the effects and promote informed decision.   
Trypanosomiasis is a vector borne disease which affects humans, livestock and wildlife in 
Africa; it is an important constraint to the socio-economic development of infested areas. 
Considering the interdependence between environmental, social and economic systems, 
their inherent complexity, the multidimensionality of their links and the existence of non-
market cost and benefi ts, the integrated impact assessment of trypanosomiasis interventions 
represents both conceptual and methodological challenges. These challenges involve the 
development of a logical structure of the pathways and interactions of the impacts, and 
the use of different approaches and techniques to obtain valid assessments. This document 
presents a framework for integrated impact assessment of trypanosomiasis interventions and 
briefl y summarises the methods available for evaluating the effects on the involved systems.
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CHAPTER 1
INTRODUCTION
Trypanosomiasis is a vector-borne disease which affects humans, livestock and wildlife in 
Africa (Welburn et al. 2001). The direct and indirect impacts of the disease are enormous in 
terms of human lives, livestock losses and agricultural productivity; moreover the disease is 
an important constraint to the socio-economic development of infested areas (Kristajanson 
et al. 1999; Swallow 2000).
Since the end of the 19th century, there have been many efforts to understand the disease, 
control the vector and to provide treatment for both human and animals (Tilley 2004). These 
efforts were successful for many years, with diverse perceived economic and environmental 
impacts. However, as a result of resource limitations, drug resistance and social confl icts, 
the control measures that were implemented have broken down and there has been a re-
infestation of tsetse with resurgence of trypanosomiasis being reported in many areas (e.g. 
Stich et al. 2003; Abel et al. 2004). 
The creation of sustainable tsetse and trypanosomiasis (T&T) free areas in East and West 
Africa is a joint response of African nations to this disease challenge. To achieve this 
enormous task a set of different strategies for suppression, control and eradication of disease 
will be selected, large investments in capacity building will be granted and sustainable 
land management will be promoted. Impact assessments are needed to facilitate a clear 
understanding of the extent to which this project will affect the target population and the 
magnitude of the effects of the intervention on the welfare of the intended benefi ciaries. 
In general terms, impact assessment evaluates the outputs and outcomes of projects, 
programmes and policy interventions, providing information to donors, policy makers and 
development managers for planning, setting priorities, demonstrating results and monitoring 
progress towards an objective (Shiferaw et al. 2005). Comprehensive and integrative impact 
assessments that include effects on natural, social and economic systems are required. 
The impact assessment expects to capture the inherent complexity of these systems, the 
multi-dimensionality of the impacts and the existence of non-market cost and benefi ts. 
These requirements represent both conceptual and methodological challenges involving the 
development of a logical structure of the pathways and interactions of the impacts, as well 
as the application of different approaches and techniques to obtain valid assessments.
In this paper we develop a framework for assessing the integrated impacts of 
trypanosomiasis interventions that resembles the structure of the DPSIR conceptual 
model (see EEA 2000). This framework provides a way to make evident the pressures on 
the involved systems, defi ne the target groups and levels of analysis, establish cause and 
effect relationships, organise information about the state of the systems, select appropriate 
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methodologies for impact assessment, identify indicators, scaling up and scaling out the 
results, promote dynamic learning processes and evidence the potential responses of the 
society.
The structure of this paper is as follows: We initially introduce the main concepts of impact 
assessment and present an integrated vision of the interaction between environmental, 
economic and social systems. Then a set of key questions to be considered in the design 
of impact assessment studies is reviewed. Later, the basic elements of the impact analysis 
are shown in a logical sequence to present the conceptual framework for integrated 
impact assessment of trypanosomiasis interventions. Finally, we briefl y summarise the 
available methodologies for impact assessment on the different systems and provide some 
conclusions.
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CHAPTER 2
TOWARDS A FRAMEWORK FOR 
IMPACT ASSESSMENT OF TSETSE AND 
TRYPANOSOMIASIS INTERVENTIONS
2.1  Impact assessments concepts 
Impact assessment determines the welfare changes from a given intervention on individuals, 
households and institutions and whether those changes are attributable to the project, 
programme or policy intervention (World Bank 2002). These assessments can be made 
ex ante or ex post. The ex ante assessment evaluates the impact of current and future 
interventions providing information on the likely environmental, economic, and social 
impacts and how the fl ow of costs and benefi ts is distributed among the affected population. 
Ex post impact assessment evaluates the impact of past interventions measuring the benefi ts 
and costs of the interventions, evaluating the attainment of the objectives and providing 
information on the pathways through which observed impacts have occurred.
2.2  Integrated vision of the interactions between 
systems
There is an emerging consensus regarding the need to look for broader approaches to deal 
with complex systems problems. Natural, social and economic systems are complex in 
themselves and many of their problems involve the additional complexity of interactions 
between these systems. Economic and social systems are inextricably embedded in larger 
natural systems and exchange fl ows of materials and energy within them; these interchanges 
of material and energy might also defi ne social structures and processes (Berkes et al. 2003). 
Considering the relationship between ecological and social systems, it is clear that impacts 
on the natural systems could affect the societies dependent on the goods and services 
provided by the ecosystem, thus affecting the welfare of people. Similarly, impacts on the 
economic or social systems could have positive or negative effects on the environment 
(e.g. Adger 2000). Hence, impact assessment must consider environmental, socio-
political and economic aspects in multiple scale analysis of interventions, and incorporate 
transdisciplinary and participatory approaches using a broad range of available tools for 
analysis and communication (Campbell et al. 2001).
The overall objective of tsetse suppression and eradication is to contribute to reducing 
poverty and improving food security by ensuring the reclaimed areas will be equitably, 
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sustainably and economically exploited. This therefore presents a complicated situation 
since disease control creates economic incentives for land accumulation by large 
stakeholders. Furthermore, the relocation of people generates potential changes in social 
organisation, local institutional arrangements and cultural values, all of which affect the 
traditional strategies of resource management. This disturbs the dynamics of biophysical 
processes that determine the sustainability of different land use under distinct ecological 
conditions.
2.3.  Key questions for developing impact analysis of 
trypanosomiasis interventions
Impact of what: An initial issue is defi ning in general terms ‘what is being analysed’. 
There are many potential trypanosomiasis interventions in response to a broad set of 
environmental and socio-economic factors that trigger the need for control and eradication 
activities. Different interventions might have distinct objectives and scopes, and differ in 
the methods used. Many of these interventions can go beyond disease related issues and be 
concerned with issues as diverse as poverty reduction, food security, equity or sustainability 
(e.g. AFDB 2004).
Impact on what: As was previously mentioned, both economic and social systems are 
linked and dependent on natural systems. Animal disease can generate a set of direct 
and indirect impacts on different systems with different magnitudes. Infection with 
trypanosomiasis negatively affects the number and productivity of animals and their 
capacity for traction. This may have implications on the agro-ecosystems, by reducing the 
amount of cultivated land, manure availability and the quality of land preparation. These 
in turn have a negative effect on crop diversity, crop yields and farmer’s income. However, 
the creation of trypanosomiasis free areas can increase the demand for cropland, generating 
rapid changes in land use and land cover with potential social impact as a consequence of 
the high immigration rate into these sites (e.g. Muriuki et al. 2005). Hence it is necessary 
to defi ne impact based on what is being evaluated. Is the impact on the ecosystems, on the 
social or economic system or is it an integrative impact assessment considering all of them?
Impact on whom: Trypanosomiasis interventions can have impact on various groups. 
Depending on the project, affected or benefi ciary groups can be defi ned in terms of 
livelihood, age, gender, income level, geographic area, ethnicity or other criteria (World 
Bank 2003). A precision of who are the target groups of the project is useful to defi ne 
interventions, develop policies and understand potential impacts on other stakeholders. 
Defi ning the target groups helps to demarcate the level at which the impacts will be 
analysed. There are several potential nested hierarchies for both socio-economic and 
environmental levels of analysis ranging from local to continental scales. Different 
approaches, methods and indicators can be appropriate and effective for a given level of 
analysis while others are less so or completely inappropriate (see Kamuanga 2003).
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Impact how: Once the adequate environmental, social and economic levels of analysis 
have been defi ned and the target of T&T interventions have been identifi ed, the next 
question is how the impacts of the intervention on the economic, social and natural systems 
occur. Figure 1 gives a diagrammatic representation on how impacts may result from 
interventions. 
This understanding gives information on where to target assessment of impacts. Researchers 
must select a set of appropriate methods that will measure changes in the right areas of 
the system where they occur, taking into account available human and fi nancial capital, 
prevailing ecological and institutional circumstances and the objectives of the intervention. 
Choosing a method of analysis often involves a compromise between a method that is 
suffi ciently detailed to capture the impacts on the system(s), and one that produces results 
that the policy makers will understand and be able to use. In addition, the method of 
analysis used will determine the data requirements. It is important to know the availability 
of data for each system and the availability of resources to collect additional data if they 
are missing or inadequate (see Rushton et al. 1999). Distinct methodologies can be used to 
answer different questions; different approaches have distinct limitations, provide different 
information and have distinct data requirements. They also differ in the time needed to 
complete the study and the required level of skill of the researchers to develop or apply the 
methodologies (World Bank 2004).
Impact if: To make informed decisions, public and private decision makers need 
accurate information about the economic, social and environmental consequences of the 
interventions. Based on the complexity of the involved systems, the links between them and 
the possibly competing objectives, there is a set of potential tradeoffs within and among 
systems. For example trypanosomiasis interventions that indirectly generate a positive 
impact on agricultural production, could have a negative impact on environmental quality. 
Identifying what are the tradeoffs of different interventions between the different systems, 
and how they can be measured or evaluated is essential when designing programmes and 
monitoring impacts (Crissman et al. 1998). In this context, the translation of impacts in a 
common currency (e.g. monetary valuation of environmental impacts vs. the monetary 
value of the agricultural production) makes the tradeoffs more evident and facilitates the 
identifi cation of data requirements.
2.4  Elements of the impact analysis 
Since different interventions are focused on different problems and generate distinct 
impacts, the approaches for the impact assessment of trypanosomiasis interventions will 
therefore be different for the various case studies. However, it is possible to identify a set 
of key issues to be considered at the design, implementation and monitoring stages of the 
studies, enhancing the quality of the research. Below, we present these issues in a logical 
sequence and briefl y discuss them in the context of the framework for impact assessment of 
trypanosomiasis interventions.
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Identify the pressures to justify the need for T&T interventions: Based on data from the 
natural, economic and social systems, it is possible to estimate the relationships between the 
potential costs and benefi ts of the interventions per unit of area and the human population 
density at the research site to detect if the interventions are justifi ed (e.g. Shaw 2003).
Defi ne the specifi c T& T interventions: Based on the objectives of the interventions, existing 
scientifi c knowledge, technical capability, prevailing ecological conditions, availability of 
resources and political decisions, a specifi c set of control or eradication methods will be 
selected for the intervention (see Allsopp 2001).
Defi ne impact on what: Delimit impact on what is being evaluated. Is the impact on the 
ecosystem, on the social or economic system or is it an integrative impact assessment 
considering all of them?
Defi ne impact on whom: Trypanosomiasis interventions can have impact on various groups 
at different levels of analysis.
Defi ne target groups: It is necessary to identify and analyse those who are affected by 
the trypanosomiasis interventions and those who can potentially affect the success of the 
interventions. Different groups can have distinct susceptibility to the disease based on 
labour division and distinct behaviour, and specifi c economic groups can exhibit distinct 
willingness to be involved in control activities and promote or encourage the interventions 
based on their own evaluation of their costs and benefi ts (e.g. Pepin et al. 2002).
Defi ne the level of analysis: Different impacts can be evident at different spatial and 
temporal dimensions. The choice of an appropriate scale is very circumstantial and depends 
on many factors such as the type and size of project or plan, the availability of resources, 
the social and ecological processes being studied, and how heterogeneous or homogeneous 
the spatial setting is (see Gibson et al. 2000).
Understanding transmission channels and expected size and direction of the impacts: 
Considering the complexity of the interactions between environmental and socio-economic 
systems, the use of models is required to deal with cross-cutting issues and effects. Simple 
conceptual models describing the pathways through which an intervention is expected to 
affect the systems and the likely magnitude of the impacts are useful for ex ante assessments 
to calculate costs and benefi ts of the interventions and prioritise actions. However, only 
ex post assessment provides information on the pathways through which observed impacts 
have occurred, facilitating the understanding of the effects on different systems. These 
impact pathways should include both direct and indirect impacts. Direct impacts are effects 
caused by the proposed action, occurring at the same time and place while indirect impacts 
are effects caused by a given action, occurring later in time or farther removed in distance 
but which are reasonably foreseeable. Alternative pathways represent distinct impact 
scenarios and different social groups can develop distinct impact pathways based on their 
own perceptions and knowledge (de Lacroix et al. 2003)
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Impact how: Once a level and target group have been identifi ed, the next question is how 
to asses the impacts of the intervention on the economic, social and natural systems.
State of the systems: It is necessary to understand the state of the system for the specifi c 
level of analysis in terms of the changes in the links and interdependence between the 
natural, social and economic systems, evaluating the modifi cation of the fl ows of matter 
and energy, and the changes in the supply or demand for goods and services. For example 
the creation of areas free of disease can trigger immigration to these sites, generating an 
increase in the demand for cropland within the former tsetse belts, increasing the supply 
of crop products but reducing the forest area and eventually diminishing the capacity of 
natural systems to provide goods and services of local and global relevance (e.g. Reid et al. 
2000)
Gathering data and information: Integrated impact assessment can be extremely data-
intensive and specifi c data requirements will depend on the nature of the analysed 
impacts. These requirements should involve gathering qualitative and quantitative data 
both from primary and secondary sources. Primary sources refer to original data that have 
not been interpreted, discussed or analysed, e.g. fi rst-person accounts of events, surveys, 
interviews, data obtained through original research while secondary data sources refer to 
commentaries, explanations, analysis, interpretation, discussions or compilations done by 
other authors based on primary data. Different data collection instruments, data type and 
data analysis can exhibit advantages and disadvantages depending on the impact to be 
assessed (see Baker 2000). When adequate data are not available, several strategies can be 
used to obtain valid assessments: the fi rst strategy is adapt the analytical approach to data 
currently available; the second option is to collect additional information; and the third 
one is to rethink the intervention or postpone it until adequate data can be collected and 
appropriate analysis be conducted (World Bank 2003). 
Analysing impacts: In general, four factors are used to select the method for analysing 
the impacts of trypanosomiasis interventions: availability of data, monetary constraints, 
availability of time and human skills. The various methods used to assess economic, social 
and environmental impact assessment of trypanosomiasis interventions are summarised in 
Section 3.
Impact if: Considering the inherent complexity of the environmental, social and economic 
systems and the links between them and the existence of competing objectives, there is a set 
of potential tradeoffs within and among systems. Different impacts are evident at different 
spatial and temporal scales, so it is important to defi ne basic spatial and temporal units to 
analyse the tradeoffs (see Stoorvogel et al. 2004).
Indicators: Based on the results of the impact assessment, a set of key variables or indicators 
which characterise the state of the system can be developed. The main goal for developing 
such indicators is to measure, monitor and report progress towards a goal. The use of 
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indicators allows us to better organise, synthesise and use information (von Meyer 2000), 
thus they represent basic tools to facilitate public choices, support policy implementation 
and provide a solid basis for decision making at all levels (Capello and Nijkamp 2002). 
It has been considered that since the ecological, social and economic aspects are 
interdependent, different indicators might be constructed based on different world views. 
Scenario analysis: Based on the results of the impact assessment, it is possible to develop 
scenario analyses to obtain forward projections which allow us to progress from the current 
settings to a series of alternative future situations, identify sensitive variables that can be 
used as indicators, and to scale up and scale out the results. Alternatively, the scenario 
analysis can provide information on the steps required to progress from a current situation 
to a desired future one. The results of scenario analysis provide information to enhance the 
understanding of the different impact pathways in a continuous learning process involving 
different stakeholders thus encouraging further examination and experimentation (e.g. 
Purnomo et al. 2004).
Response: The responses refer to actions taken on behalf of the society by decision makers, 
policy analysts and resource managers. These responses are based on the results of the 
impact assessment, the changes in the set of defi ned indicators and the outputs of decision 
support tools, e.g. scenario analyses, and are subject to a set of different constraints existing 
in the system (e.g. money, time and human skills). The responses can be as diverse as 
developing mitigation and monitoring plans for undesired impacts, providing adequate 
policies, improving management strategies and spreading the results among target groups 
(e.g. Morrison-Saunders and Bailey 2003).
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CHAPTER 3
ANALYZING IMPACTS
This section provides an overview of several broad classes of methods for estimating impacts 
of trypanosomiasis interventions. 
3.1 Methods for economic impact assessment 
In general, the quantifi cation of the economic impacts of trypanosomiasis interventions was 
initially biased towards the estimation of the costs of disease. The methods used to estimate 
the cost of trypanosomiasis have been categorised based on the direct or indirect effects 
of the disease (Tables 1 and 2). The direct effects involve the changes in productivity and 
the impact of disease on animal traction, while the indirect effects refer to the additional 
costs and the revenue foregone as consequence of disease. There are several methods that 
can be used for the economic impact assessment of trypanosomiasis interventions. We 
have categorised them considering three different levels of analysis and summarised them 
considering their different objectives, the data requirements, the outputs of the analysis 
and the advantages and limitations of each methodology. The methods for economic 
impact assessment of trypanosomiasis interventions are described at the herd level (Table 
3), the farm/household level (Table 4) and the sector, national and international levels 
(Table 5). Several related tools that can be useful while assessing the economic impact of 
trypanosomiasis are presented in Table 6.
3.2  Methods for social impact assessment 
Social impact assessment evaluates the change in human population, communities 
and social relationships resulting from a development project or policy change. These 
assessments are generally focused on modifi cations of the characteristics of the target 
population including individual and family changes, the evolution of the community 
and its institutional structures, and the changes in the available natural, political and 
social resources. The set of methods that are useful to evaluate the social impact of 
trypanosomiasis interventions range from methods focused on the impacts on specifi c target 
groups (e.g. benefi ciary assessment), to more general methods (e.g. social impact analysis), 
which can be used to evaluate the impact of interventions on larger and more diffuse groups 
(Table 7).
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3.3 Methods for environmental impact assessment 
Several methods can be used to assess the impact of trypanosomiasis interventions on the 
environment. Based on a literature survey we categorised the methods considering three 
different levels of analysis based on the hierarchical levels of ecological organisation: 
methods at the individual/population level (Table 8), methods at the community/ecosystem 
level (Table 9), and methods at the landscape/level (Table 10). All these methods have been 
summarised considering their different objectives, the data requirements, the outputs of the 
analysis and the advantages and limitations of each methodology.
3.4  Methods for the economic valuation of the 
environmental impacts 
There are two important stages for the economic valuation of the impact of trypanosomiasis 
interventions on the environment. The fi rst one is meant to understand and predict the 
changes in the fl ow of ecosystem services attributable to the intervention, and the second is 
to develop acceptable methods for valuing these changes. The economic approaches to the 
valuation of environmental impacts are based on the contribution of the goods and services 
provided by the natural systems to human welfare. However, it is not uncommon that a 
large share of the contribution of environmental goods and services to the well-being of 
people is not recognised and most cost–benefi t analyses do not include these benefi ts or the 
external costs result of the interventions. Several methods can be used to value the impacts 
of trypanosomiasis interventions on the environment (see Table 11).
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CHAPTER 4
CONCLUSIONS
Integrated impact assessments serve to provide decision makers with better information on 
the extent to which different trypanosomiasis interventions affect the target population and 
the magnitude of the effect of the interventions on the welfare of the intended benefi ciaries. 
It is currently recognised that environmental, economic and social systems interchange 
fl ows of material and energy and the links and processes among these systems are evident 
at different temporal and spatial scales. It is expected, therefore, that the direct or indirect 
effects of the trypanosomiasis interventions on a given system might affect the quality or 
quantity of the fl ows of matter and energy to the other systems, fi nally having an impact on 
human well-being. 
These impacts can be evaluated following a series of logical stages described in this 
framework and applying a set of different methodologies which have been summarised 
in this document. The results of the integrated impact assessment can be used to prioritise 
actions, justify interventions, evaluate the attainment of the objectives of the programme 
and provide information of the pathways through which observed impacts have occurred. 
The results can also be used to develop mitigation and monitoring plans for undesired 
impacts, provide adequate policies, improve management strategies and spread the results 
among target groups.
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● 
 
A
do
pt
io
n 
da
ta
● 
 
D
is
co
un
t r
at
e
● 
En
vi
ro
nm
en
ta
l v
al
ua
tio
n 
of
 im
pa
ct
s
● 
 
N
et
 p
re
se
nt
 v
al
ue
 
● 
 
In
te
rn
al
 ra
te
 o
f r
et
ur
n 
● 
 
B
en
efi
 t–
co
st
 ra
tio
A
 fr
am
ew
or
k 
th
at
 c
an
 c
om
bi
ne
 
ri
go
ur
 w
ith
 c
om
pr
en
he
ns
iv
en
es
s
● 
D
at
a 
re
qu
ir
em
en
ts
● 
 
A
na
ly
tic
al
 s
ki
lls
 r
eq
ui
re
d 
ar
e 
su
bs
ta
nt
ia
l
Ec
on
om
ic
 s
ur
pl
us
Q
ua
nt
ify
 th
e 
im
pa
ct
s 
of
 a
 s
hi
ft 
in
 
th
e 
su
pp
ly
 c
ur
ve
 a
nd
 th
e 
re
su
lta
nt
 
ec
on
om
ic
 s
ur
pl
us
; p
ar
tit
io
n 
th
is
 b
et
w
ee
n 
co
ns
um
er
s 
an
d 
pr
od
uc
er
s.
M
at
he
m
at
ic
al
 p
ro
gr
am
m
in
g
Si
m
ul
at
io
n 
m
od
el
s 
an
d 
sy
st
em
s 
an
al
ys
is
● 
Pr
od
uc
tiv
ity
 im
pa
ct
s 
● 
 
C
os
ts
 a
nd
 p
ri
ce
s 
● 
 
El
as
tic
iti
es
 
● 
 
A
do
pt
io
n 
da
ta
 
● 
 
D
is
co
un
t r
at
e
● 
Ec
on
om
ic
 s
ur
pl
us
● 
 
N
et
 p
re
se
nt
 v
al
ue
 
● 
 
In
te
rn
al
 ra
te
 o
f r
et
ur
n 
● 
 
B
en
efi
 t–
co
st
 ra
tio
A
 fr
am
ew
or
k 
th
at
 c
an
 b
e 
ex
te
nd
ed
 w
ith
 c
on
si
de
ra
bl
e 
fl e
xi
bi
lit
y 
to
 a
tta
in
 r
ea
lis
tic
 r
es
ul
ts
 
at
 th
e 
na
tio
na
l a
nd
 in
te
rn
at
io
na
l 
le
ve
ls
.
● 
 
D
at
a 
re
qu
ir
em
en
ts
● 
 
Th
e 
m
et
ho
d 
la
ck
s 
in
tu
iti
ve
 
ap
pe
al
● 
 
A
na
ly
tic
al
 s
ki
lls
 r
eq
ui
re
d 
ar
e 
su
bs
ta
nt
ia
l
M
ax
im
is
e 
an
 o
bj
ec
tiv
e 
fu
nc
tio
n,
 
su
bj
ec
t t
o 
re
so
ur
ce
 a
nd
 o
th
er
 
co
ns
tra
in
ts
.
● 
In
pu
t–
ou
tp
ut
 c
oe
ffi 
ci
en
ts
 
● 
 
A
tti
tu
de
s 
an
d 
ob
je
ct
iv
es
 o
f 
st
ak
eh
ol
de
rs
● 
 
C
os
t-
pr
ic
e 
da
ta
● 
 
A
ct
iv
ity
 m
ix
es
● 
 
Sh
ad
ow
 p
ri
ce
s
● 
 
O
th
er
 o
ut
pu
ts
 c
an
 b
e 
ob
ta
in
ed
, d
ep
en
di
ng
 o
f t
he
 
ob
je
ct
iv
e 
fu
nc
tio
n
A
 fl 
ex
ib
le
 fr
am
ew
or
k 
fo
r 
w
el
l-
be
ha
ve
d 
an
d 
w
el
l-
fo
rm
ul
at
ed
 
pr
ob
le
m
s.
● 
D
at
a 
re
qu
ir
em
en
ts
● 
 
A
na
ly
tic
al
 s
ki
lls
 r
eq
ui
re
d 
ar
e 
su
bs
ta
nt
ia
l 
● 
 
N
ee
d 
a 
ve
ry
 c
le
ar
 
un
de
rs
ta
nd
in
g 
of
 th
e 
ob
je
ct
iv
es
 o
f s
ta
ke
ho
ld
er
s
U
se
 a
 s
ys
te
m
s 
m
od
el
 to
 p
er
fo
rm
 
‘w
ha
t i
f’ 
sc
en
ar
io
 a
na
ly
si
s.
D
et
ai
le
d 
un
de
rs
ta
nd
in
g 
of
 th
e 
sy
st
em
 u
nd
er
 s
tu
dy
.
Sy
st
em
’s 
re
sp
on
se
 to
 p
ar
tic
ul
ar
 
in
pu
t c
on
di
tio
ns
.
● 
 
Fl
ex
ib
le
 fr
am
ew
or
k 
● 
 
A
bi
lit
y 
to
 in
co
rp
or
at
e 
ri
sk
, 
un
ce
rt
ai
nt
y,
 c
om
po
ne
nt
 
in
te
ra
ct
io
ns
● 
 
A
na
ly
tic
al
 s
ki
lls
 r
eq
ui
re
d 
ar
e 
en
or
m
ou
s 
● 
 
Pr
ob
le
m
 d
efi
 n
iti
on
 c
an
 b
e 
so
m
ew
ha
t u
nc
le
ar
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6.
 T
oo
ls
 fo
r 
ec
on
om
ic
 im
pa
ct
 a
ss
es
sm
en
t 
of
 t
ry
pa
no
so
m
ia
si
s 
in
te
rv
en
ti
on
s
M
et
ho
ds
O
bj
ec
ti
ve
D
at
a 
re
qu
ir
em
en
ts
O
ut
pu
ts
A
dv
an
ta
ge
s
Li
m
it
at
io
ns
Sp
re
ad
sh
ee
t 
m
od
el
s
A
na
ly
tic
al
 to
ol
s 
ba
se
d 
on
 
so
ftw
ar
e 
pr
og
ra
m
s 
w
hi
ch
 
or
ga
ni
se
 n
um
er
ic
al
 d
at
a 
in
to
 
co
lu
m
ns
 a
nd
 r
ow
s.
 U
si
ng
 d
efi
 n
ed
 
fo
rm
ul
as
 a
nd
 fu
nc
tio
ns
, t
he
y 
al
lo
w
 fo
r 
ca
lc
ul
at
io
ns
 to
 ta
ke
 
pl
ac
e.
 T
he
y 
ar
e 
us
ef
ul
 to
 m
ak
e 
ca
lc
ul
at
io
ns
 o
f b
ot
h 
ex
 a
nt
e 
an
d 
ex
 p
os
t a
na
ly
si
s 
of
 d
is
ea
se
 
in
te
rv
en
tio
ns
. S
pr
ea
ds
he
et
s 
ar
e 
co
m
m
on
ly
 u
se
d 
in
 d
iv
er
se
 ty
pe
s 
of
 c
os
t–
be
ne
fi t
 a
na
ly
si
s,
 p
ol
ic
y 
an
al
ys
is
 m
at
ri
ce
s 
an
d 
he
rd
 
m
od
el
s,
 in
co
rp
or
at
in
g 
a 
se
t o
f 
sp
ec
ifi 
c 
fo
rm
ul
as
 a
nd
 fu
nc
tio
ns
 
fo
r 
ea
ch
 m
et
ho
d.
 
Th
e 
sp
re
ad
sh
ee
ts
 a
re
 to
ol
s 
fo
r 
ca
lc
ul
at
io
ns
. T
he
 v
ar
ia
bl
es
 
to
 m
ea
su
re
 w
ill
 d
ep
en
d 
on
 
th
e 
sp
ec
ifi 
c 
an
al
ys
is
 to
 b
e 
de
ve
lo
pe
d.
Si
nc
e 
sp
re
ad
sh
ee
ts
 a
re
 to
ol
s 
fo
r 
ca
lc
ul
at
io
n,
 th
e 
re
qu
ir
em
en
ts
 
an
d 
re
su
lts
 o
f a
 s
pr
ea
ds
he
et
 
m
od
el
 a
re
 b
as
ed
 o
n 
th
e 
ty
pe
 o
f 
an
al
ys
is
 d
ev
el
op
ed
. T
he
 r
es
ul
ts
 
co
ul
d 
be
 n
on
-m
on
et
ar
y,
 e
.g
. 
ch
an
ge
s 
in
 li
ve
st
oc
k 
po
pu
la
tio
n,
 
m
on
et
ar
y,
 e
.g
. f
ar
m
 in
co
m
e,
 
or
 q
ua
nt
ita
tiv
e 
in
di
ca
to
rs
 s
uc
h 
as
 in
ve
st
m
en
t c
ri
te
ri
a 
or
 p
ol
ic
y 
m
at
ri
x 
co
ef
fi c
ie
nt
s.
● 
Sp
re
ad
sh
ee
ts
 m
ak
e 
it 
ea
sy
 to
 d
efi
 n
e 
on
e 
va
lu
e’
s 
de
pe
nd
en
ci
es
 o
n 
ot
he
r 
va
lu
es
● 
 
W
he
n 
an
 o
rd
in
ar
y 
sp
re
ad
sh
ee
t 
is
 fu
lly
 a
ss
em
bl
ed
, i
ts
 in
pu
ts
 
ar
e 
ea
sy
 to
 c
ha
ng
e
● 
 
Yo
u 
ca
n 
ca
rr
y 
ou
t ‘
w
ha
t i
f’ 
in
ve
st
ig
at
io
ns
● 
A
ll 
of
 th
e 
ca
lc
ul
at
io
n 
de
ta
ils
 a
re
 e
xp
os
ed
 in
 
th
e 
sp
re
ad
sh
ee
t a
nd
 c
an
 
po
te
nt
ia
lly
 b
e 
co
rr
up
te
d.
 
● 
 
C
om
pa
ri
so
n 
of
 r
es
ul
ts
 fr
om
 
m
ul
tip
le
 m
od
el
lin
g 
ru
ns
 
re
qu
ir
es
 c
om
pl
ex
 m
ul
ti-
sp
re
ad
sh
ee
t l
in
ks
.
● 
 
Sp
re
ad
sh
ee
ts
 a
re
 n
ot
 d
es
ig
ne
d 
fo
r 
ci
rc
ul
ar
 o
r 
ite
ra
tiv
e 
ca
lc
ul
at
io
ns
. T
he
 u
se
r 
m
us
t 
de
si
gn
 th
e 
ca
lc
ul
at
io
ns
 s
o 
th
at
 
re
cy
cl
e 
st
re
am
s 
ar
e 
ch
ec
ke
d 
ea
ch
 ti
m
e 
th
e 
sp
re
ad
sh
ee
ts
 
ca
lc
ul
at
e 
to
 e
ns
ur
e 
th
at
 a
 
va
lid
 s
ol
ut
io
n 
is
 r
ea
ch
ed
.
G
eo
gr
ap
hi
c 
in
fo
rm
at
io
n 
sy
st
em
s 
(G
IS
)
G
eo
gr
ap
hi
c 
in
fo
rm
at
io
n 
sy
st
em
s 
ar
e 
co
m
pu
te
r 
ba
se
d 
in
fo
rm
at
io
n 
sy
st
em
s 
th
at
 e
na
bl
e 
th
e 
us
er
 to
 c
ap
tu
re
, m
an
ag
e,
 
m
an
ip
ul
at
e,
 a
na
ly
se
 a
nd
 p
re
se
nt
 
ge
og
ra
ph
ic
al
ly
 r
ef
er
en
ce
d 
da
ta
. 
G
IS
 to
ol
s 
ar
e 
us
ef
ul
 fo
r 
bo
th
 
ex
 a
nt
e 
an
d 
ex
 p
os
t a
na
ly
si
s 
of
 d
is
ea
se
 in
te
rv
en
tio
ns
. G
IS
 
ca
pa
bi
lit
ie
s 
ca
n 
be
 u
se
d 
to
 
id
en
tif
y 
an
d 
pr
io
ri
tis
e 
ar
ea
s 
fo
r 
ts
et
se
 a
nd
 tr
yp
an
os
om
ia
si
s 
co
nt
ro
l. 
G
IS
 p
ro
vi
de
s 
in
fo
rm
at
io
n 
to
 e
va
lu
at
e 
th
e 
ec
on
om
ic
 
im
pa
ct
 o
f p
ot
en
tia
l c
on
tr
ol
 a
nd
 
er
ad
ic
at
io
n 
pr
oj
ec
ts
. 
Th
e 
va
ri
ab
le
s 
to
 m
ea
su
re
 w
ill
 
de
pe
nd
 o
f t
he
 s
pe
ci
fi c
 r
es
ea
rc
h 
qu
es
tio
ns
. P
re
vi
ou
s 
st
ud
ie
s 
ha
ve
 
ne
ed
ed
 th
e 
fo
llo
w
in
g 
da
ta
: 
● 
 
Ts
et
se
 d
is
tr
ib
ut
io
n 
da
ta
 la
ye
r 
● 
 
C
at
tle
 d
en
si
ty
 d
at
a 
la
ye
r 
● 
 
M
ap
s 
of
 a
gr
o-
ec
ol
og
ic
al
 
zo
ne
s 
● 
 
G
eo
-r
ef
er
en
ce
d 
da
ta
: 
ra
in
fa
ll,
 te
m
pe
ra
tu
re
, v
ap
ou
r  
pr
es
su
re
, d
efi
 c
it,
 v
eg
et
at
io
n 
co
ve
r, 
el
ev
at
io
n,
 p
ot
en
tia
l 
ev
ap
ot
ra
ns
pi
ra
tio
n,
 le
ng
th
 
of
 g
ro
w
in
g 
pe
ri
od
, h
um
an
 
po
pu
la
tio
n 
an
d 
nu
m
be
r 
of
 
ts
et
se
 s
pe
ci
es
 p
re
se
nt
 
● 
 
Fo
r 
pr
ed
ic
tiv
e 
an
al
ys
is
, 
hi
st
or
ic
al
 d
at
a 
ar
e 
ne
ed
ed
 
● 
 
Fo
r 
ec
on
om
ic
 a
na
ly
si
s,
 g
eo
-
re
fe
re
nc
ed
 e
co
no
m
ic
 d
at
a 
ar
e 
al
so
 n
ee
de
d,
 fo
llo
w
in
g 
th
e 
re
qu
ir
em
en
t o
f t
he
 
sp
ec
ifi 
c 
m
et
ho
d 
to
 u
se
● 
 
M
an
ip
ul
at
io
n 
of
 s
pa
tia
l d
at
a 
an
d 
lin
ki
ng
 g
eo
gr
ap
hi
ca
lly
 
re
fe
re
nc
ed
 d
at
a 
to
 ta
bu
la
te
d 
da
ta
● 
 
Ea
sy
 v
is
ua
lis
at
io
n 
of
 
in
fo
rm
at
io
n 
● 
 
C
re
at
e 
m
od
el
s 
an
d 
sc
en
ar
io
s
● 
 
C
ur
re
nt
 a
nd
 fu
tu
re
 n
um
be
r 
an
d 
de
ns
ity
 o
f c
at
tle
 ra
is
ed
 
un
de
r 
tr
yp
an
os
om
ia
si
s 
ri
sk
 
by
 a
gr
o-
ec
ol
og
ic
al
 z
on
e 
an
d 
ts
et
se
 s
ta
tu
s 
● 
 
Po
te
nt
ia
l c
ha
ng
es
 in
 a
ni
m
al
 
di
se
as
e 
an
d 
ts
et
se
 a
bu
nd
an
ce
 
as
 a
 c
on
se
qu
en
ce
 o
f 
en
vi
ro
nm
en
ta
l c
ha
ng
es
● 
 
Ex
pe
ns
iv
e 
sy
st
em
 s
et
 u
p
● 
 
Tr
ai
ni
ng
 o
f m
an
po
w
er
 is
 
ex
pe
ns
iv
e
● 
 
C
ol
le
ct
io
n 
of
 d
at
a
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6.
 (
co
nt
in
ue
d)
 T
oo
ls
 fo
r 
ec
on
om
ic
 im
pa
ct
 a
ss
es
sm
en
t 
of
 t
ry
pa
no
so
m
ia
si
s 
in
te
rv
en
ti
on
s
M
et
ho
ds
O
bj
ec
ti
ve
D
at
a 
re
qu
ir
em
en
ts
O
ut
pu
ts
A
dv
an
ta
ge
s
Li
m
it
at
io
ns
A
ni
m
al
 d
is
ea
se
 s
ur
ve
ill
an
ce
Th
es
e 
to
ol
s 
ar
e 
us
ed
 to
 d
et
ec
t 
ei
th
er
 th
e 
ap
pe
ar
an
ce
 o
f a
 
di
se
as
e 
or
 a
n 
un
us
ua
l i
nc
re
as
e 
in
 a
n 
en
de
m
ic
 d
is
ea
se
 b
as
ed
 
on
 ti
m
e 
se
ri
es
 d
at
a.
 T
he
 h
ea
lth
 
su
rv
ei
lla
nc
e 
sy
st
em
s 
ar
e 
ap
pl
ic
ab
le
 a
t t
he
 h
er
d 
an
d 
po
te
nt
ia
lly
 th
e 
re
gi
on
al
 o
r 
na
tio
na
l l
ev
el
s.
Th
e 
cr
ite
ri
a 
ne
ce
ss
ar
y 
to
 
de
ve
lo
p 
an
 o
pt
im
al
 s
ur
ve
ill
an
ce
 
sy
st
em
 a
re
 d
is
ea
se
 s
pe
ci
fi c
. 
It 
is
 n
ec
es
sa
ry
 to
 c
on
si
de
r 
bo
th
 c
os
ts
 o
f t
he
 d
is
ea
se
 
an
d 
its
 c
on
tr
ol
, p
ro
ba
bi
lit
ie
s 
of
 a
n 
ep
id
em
ic
 o
cc
ur
ri
ng
 
an
d 
its
 e
xp
ec
te
d 
m
ag
ni
tu
de
, 
be
fo
re
 s
el
ec
tin
g 
th
e 
nu
m
be
r 
of
 te
m
po
ra
lly
 c
lu
st
er
ed
 c
as
es
 
ne
ed
ed
 to
 a
ct
iv
at
e 
th
e 
ea
rl
y 
w
ar
ni
ng
.
St
at
is
tic
al
 s
ig
ni
fi c
an
ce
 o
f a
n 
un
us
ua
l o
cc
ur
re
nc
e 
of
 d
is
ea
se
, 
te
st
 th
e 
si
gn
ifi 
ca
nc
e 
of
 th
e 
ap
pe
ar
an
ce
 o
f s
ev
er
al
 c
as
es
 
or
 o
ut
br
ea
ks
 in
 a
 s
in
gl
e 
or
 
lim
ite
d 
se
ri
es
 o
f t
im
e 
pe
ri
od
s.
 
A
lte
rn
at
iv
el
y,
 th
ey
 c
an
 e
xa
m
in
e 
th
e 
tim
e 
se
ri
es
 o
f d
at
a 
an
d 
te
st
 
th
e 
si
gn
ifi 
ca
nc
e 
of
 ty
pi
ca
lly
 
in
fr
eq
ue
nt
 o
bs
er
va
tio
ns
 in
 a
 ti
m
e 
pe
ri
od
(s
) 
● 
Ea
rl
y 
w
ar
ni
ng
,
● 
 
O
nc
e 
ca
us
e-
sp
ec
ifi 
c 
ep
id
em
ic
 
is
 id
en
tifi
 e
d,
 im
m
ed
ia
te
 a
nd
 
co
m
pl
et
el
y 
ef
fe
ct
iv
e 
co
nt
ro
ls
 
co
ul
d 
be
 im
pl
em
en
te
d 
re
du
ci
ng
 th
e 
ep
id
em
ic
 c
os
ts
● 
H
ig
h 
co
st
 o
f s
ur
ve
ill
an
ce
● 
 
Su
rv
ei
lla
nc
e 
do
es
 n
ot
 
at
te
m
pt
 to
 q
ua
nt
ify
 th
e 
co
st
s 
as
so
ci
at
ed
 w
ith
 c
or
re
ct
ly
 o
r 
in
co
rr
ec
tly
 id
en
tif
yi
ng
 th
e 
ea
rl
y 
st
ag
es
 o
f a
n 
ep
id
em
ic
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7.
 M
et
ho
ds
 fo
r 
so
ci
al
 im
pa
ct
 a
ss
es
sm
en
t 
of
 t
ry
pa
no
so
m
ia
si
s 
in
te
rv
en
ti
on
s
M
et
ho
ds
O
bj
ec
ti
ve
D
at
a 
re
qu
ir
em
en
ts
O
ut
pu
ts
A
dv
an
ta
ge
s
Li
m
it
at
io
ns
Pa
rt
ic
ip
at
or
y 
ap
pr
ai
sa
l
Pr
ov
id
e 
a 
qu
ic
k,
 s
ys
te
m
at
ic
 a
nd
 
co
st
-e
ffe
ct
iv
e 
pi
ct
ur
e 
of
 li
ve
st
oc
k 
co
nd
iti
on
s 
an
d 
ve
te
ri
na
ry
 
pr
ob
le
m
s 
in
 a
gr
o-
pa
st
or
al
 
co
m
m
un
iti
es
.
● 
B
ac
kg
ro
un
d 
in
fo
rm
at
io
n 
 
Pr
od
uc
tio
n 
in
fo
rm
at
io
n
● 
 
Se
as
on
al
 in
fo
rm
at
io
n
Se
ve
ra
l t
yp
es
 o
f d
ia
gr
am
s 
ar
e 
w
id
el
y 
us
ed
 to
 s
um
m
ar
is
e 
an
d 
pr
es
en
t t
he
 d
at
a 
co
lle
ct
ed
U
nc
om
pl
ic
at
ed
, r
el
ia
bl
e 
an
d 
co
st
-e
ffe
ct
iv
e 
m
et
ho
d 
fo
r 
co
lle
ct
in
g 
in
fo
rm
at
io
n 
on
 w
hi
ch
 
to
 b
as
e 
ts
et
se
 in
te
rv
en
tio
n 
de
ci
si
on
s.
O
ut
si
de
rs
 a
nd
 r
ep
re
se
nt
at
iv
es
 o
f 
po
w
er
fu
l g
ro
up
s 
ca
n 
in
fl u
en
ce
 
pe
op
le
’s 
be
ha
vi
ou
r 
an
d 
in
fl u
en
ce
 
th
e 
op
in
io
n 
of
 m
in
or
ity
 g
ro
up
s.
St
ak
eh
ol
de
r 
an
al
ys
is
D
et
er
m
in
e 
th
e 
in
te
re
st
s 
an
d 
in
fl u
en
ce
 o
f t
he
 d
iff
er
en
t g
ro
up
s 
in
vo
lv
ed
 in
 a
 p
ro
je
ct
.
B
en
efi
 c
ia
ry
 a
ss
es
sm
en
t
● 
In
fo
rm
at
io
n 
on
 c
on
st
ra
in
ts
 
to
 p
ro
je
ct
 im
pl
em
en
ta
tio
n 
● 
 
Id
en
tifi
 c
at
io
n 
of
 
st
ak
eh
ol
de
rs
 fr
om
 d
iv
er
se
 
gr
ou
ps
● 
 
Q
ua
lit
at
iv
e 
da
ta
 a
bo
ut
 
st
ak
eh
ol
de
rs
’ i
nt
er
es
ts
 
● 
In
fo
rm
at
io
n 
on
 th
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tr
ib
ut
io
n 
m
ap
s 
● 
 
Po
te
nt
ia
l i
m
pa
ct
s 
on
 th
e 
di
st
ri
bu
tio
n 
an
d 
re
si
lie
nc
e 
of
 
sp
ec
ie
s 
to
 in
te
rv
en
tio
ns
Pr
io
r 
in
fo
rm
at
io
n 
on
 im
pa
ct
s 
of
 in
te
rv
en
tio
ns
 b
ef
or
e 
im
pl
em
en
ta
tio
n.
● 
 
R
eq
ui
re
s 
da
ta
 fr
om
 d
iff
er
en
t 
so
ur
ce
s,
 e
.g
. s
oi
ls
, c
lim
at
e 
w
at
er
● 
 
D
iffi
 c
ul
t t
o 
ac
co
un
t f
or
 
ex
te
rn
al
 in
fl u
en
ce
s
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 (
co
nt
in
ue
d)
 M
et
ho
ds
 fo
r 
en
vi
ro
nm
en
ta
l i
m
pa
ct
 a
ss
es
sm
en
t 
of
 t
ry
pa
no
so
m
ia
si
s 
in
te
rv
en
ti
on
s 
at
 t
he
 c
om
m
un
it
y/
ec
os
ys
te
m
 le
ve
l
M
et
ho
ds
O
bj
ec
ti
ve
D
at
a 
re
qu
ir
em
en
ts
O
ut
pu
ts
A
dv
an
ta
ge
s
Li
m
it
at
io
ns
Tr
an
se
ct
 s
am
pl
in
g 
(l
in
e/
be
lt
):
 
Ve
ge
ta
ti
on
● 
To
 e
va
lu
at
e 
ve
ge
ta
tio
n 
ty
pe
s 
an
d 
sp
ec
ie
s 
co
m
po
si
tio
n 
● 
 
To
 a
ss
es
s 
va
ri
at
io
n 
in
 s
pe
ci
es
 
co
m
po
si
tio
n 
ov
er
 s
pa
ce
Sp
ec
ie
s 
ty
pe
s,
 p
he
no
lo
gi
ca
l 
ch
ar
ac
te
ri
st
ic
s 
an
d 
lif
e 
fo
rm
s.
Si
m
ila
r 
to
 th
os
e 
ob
ta
in
ed
 b
y 
qu
ad
ra
t m
et
ho
ds
 e
xc
ep
t t
ha
t t
he
 
ou
tp
ut
s 
he
re
 w
ill
 s
ho
w
 m
or
e 
ab
ou
t s
pa
tia
l d
is
tr
ib
ut
io
n 
of
 
sp
ec
ie
s 
G
oo
d 
fo
r 
m
on
ito
ri
ng
 c
ha
ng
es
 in
 
ar
ea
s 
of
 e
co
lo
gi
ca
l g
ra
di
en
ts
.
In
te
ns
iv
e 
sa
m
pl
in
g 
an
d 
m
as
si
ve
 
da
ta
 to
 h
an
dl
e.
Sp
ec
ie
s 
ce
ns
us
: t
ot
al
 a
nd
 
sa
m
pl
e 
co
un
ts
; s
ig
ht
in
g 
an
d 
vo
ic
e 
re
co
gn
it
io
n
To
 e
st
im
at
e 
po
pu
la
tio
n 
si
ze
 o
f 
di
ffe
re
nt
 w
ild
lif
e 
sp
ec
ie
s.
 
Ti
m
ed
 s
pe
ci
es
 c
ou
nt
● 
R
eq
ui
re
s 
sa
m
pl
e 
or
 a
ct
ua
l 
co
un
ts
 o
f s
pe
ci
es
 o
f i
nt
er
es
t 
in
 th
e 
fo
ca
l a
re
a 
● 
 
Fo
r 
im
pa
ct
 a
ss
es
sm
en
t, 
ab
un
da
nc
e 
of
 in
di
ca
to
r 
sp
ec
ie
s 
is
 p
re
fe
ra
bl
y 
m
ea
su
re
d 
● 
 
C
an
 p
ro
vi
de
 im
po
rt
an
t 
ba
se
lin
e 
da
ta
 fo
r 
im
pa
ct
 
as
se
ss
m
en
t o
f t
se
ts
e 
in
te
rv
en
tio
ns
 
● 
 
M
ay
 p
ro
vi
de
 im
po
rt
an
t 
re
fe
re
nc
e 
po
in
t i
n 
m
on
ito
ri
ng
 w
ild
lif
e 
tr
en
ds
 in
 
ar
ea
s 
of
 in
te
rv
en
tio
n
● 
 
To
ta
l c
ou
nt
s 
ar
e 
ea
sy
 to
 
ca
lc
ul
at
e 
(=
 s
um
 o
f o
bs
er
ve
d 
in
di
vi
du
al
s)
 a
nd
 d
oe
s 
no
t 
re
qu
ir
e 
pa
rt
ic
ul
ar
 s
ta
tis
tic
al
 
tr
ea
tm
en
t 
● 
 
Ea
si
ly
 u
nd
er
st
oo
d 
by
 w
ild
lif
e 
of
fi c
er
s 
an
d 
m
an
ag
er
s,
 
el
im
in
at
in
g 
do
ub
ts
 a
nd
 
pr
ol
on
ge
d 
de
ba
te
s 
by
 e
xp
er
ts
 
● 
 
Sa
m
pl
e 
co
un
ts
 a
re
 le
ss
 
ex
pe
ns
iv
e 
an
d 
ac
hi
ev
e 
hi
gh
 
ac
cu
ra
cy
 a
nd
 p
re
ci
si
on
● 
To
ta
l c
ou
nt
s 
ar
e 
ve
ry
 
ex
pe
ns
iv
e 
an
d 
re
qu
ir
e 
ve
ry
 
hi
gh
 lo
gi
st
ic
s 
● 
 
Sa
m
pl
e 
co
un
ts
 a
re
 o
fte
n 
no
t e
as
y 
to
 c
om
pa
re
 w
he
n 
do
ne
 b
y 
di
ffe
re
nt
 te
am
s 
du
ri
ng
 d
iff
er
en
t p
er
io
ds
 a
nd
 
ca
n 
ra
is
e 
do
ub
ts
 b
et
w
ee
n 
ce
ns
us
 e
xp
er
ts
, t
he
 w
ild
lif
e 
au
th
or
iti
es
 a
nd
 m
an
ag
er
s
● 
To
 e
va
lu
at
e 
bi
rd
s 
sp
ec
ie
s 
ri
ch
ne
ss
 a
nd
 c
om
po
si
tio
n 
● 
 
To
 d
et
er
m
in
e 
m
ig
ra
tio
n 
pa
tte
rn
s 
of
 b
ir
ds
C
ou
nt
s 
of
 b
ir
d 
sp
ec
ie
s 
at
 
di
ffe
re
nt
 ti
m
es
 o
f d
ay
 a
nd
 
se
as
on
 a
nd
 in
 d
iff
er
en
t h
ab
ita
ts
● 
C
om
po
si
tio
n 
of
 b
ir
d 
sp
ec
ie
s 
● 
 
Pr
ox
y 
in
fo
rm
at
io
n 
on
 
ec
os
ys
te
m
 p
ol
lu
tio
n
● 
Q
ui
ck
 r
es
ul
ts
● 
 
In
ex
pe
ns
iv
e
R
eq
ui
re
s 
go
od
 s
ki
lls
 in
 
id
en
tifi
 c
at
io
n 
of
 b
ir
ds
 a
nd
 v
oi
ce
 
re
co
gn
iti
on
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. M
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ho
ds
 fo
r 
en
vi
ro
nm
en
ta
l i
m
pa
ct
 a
ss
es
sm
en
t 
of
 t
ry
pa
no
so
m
ia
si
s 
in
te
rv
en
ti
on
s 
at
 t
he
 la
nd
sc
ap
e 
le
ve
l
M
et
ho
ds
O
bj
ec
ti
ve
D
at
a 
re
qu
ir
em
en
ts
O
ut
pu
ts
A
dv
an
ta
ge
s
Li
m
it
at
io
ns
Ti
m
e 
se
ri
es
 a
er
ia
l i
m
ag
er
y 
an
al
ys
is
To
 e
st
im
at
e 
tr
en
ds
 in
 th
e 
di
st
ri
bu
tio
n 
in
 s
pa
ce
 a
nd
 ti
m
e 
of
 
ec
os
ys
te
m
s 
in
 a
 g
iv
en
 a
re
a.
 
● 
 
Ti
m
e 
se
ri
es
 a
er
ia
l 
ph
ot
og
ra
ph
s 
of
 th
e 
sa
m
e 
ar
ea
, t
ak
en
 d
ur
in
g 
th
e 
sa
m
e 
se
as
on
 
● 
 
Fi
el
d 
su
rv
ey
s 
to
 g
ro
un
d 
tr
ut
h 
th
e 
im
ag
es
 
● 
 
H
is
to
ri
ca
l d
at
a 
on
 c
ha
ng
es
Pr
ov
id
es
 in
fo
rm
at
io
n 
on
 th
e 
ch
an
ge
s 
in
 la
nd
 u
se
 a
nd
 
la
nd
 c
ov
er
 b
y 
in
te
gr
at
in
g 
re
le
va
nt
 fa
ct
or
s 
to
 e
va
lu
at
e 
th
e 
co
nt
ri
bu
tio
n 
of
 in
te
rv
en
tio
ns
 to
 
th
e 
la
nd
sc
ap
e 
ch
an
ge
s.
In
te
gr
at
es
 a
nd
 c
ap
tu
re
s 
th
e 
so
ci
al
 
di
m
en
si
on
 th
at
 c
on
tr
ib
ut
es
 to
 
la
nd
 u
se
 c
ha
ng
e.
 
A
er
ia
l p
ho
to
gr
ap
hy
 is
 e
xp
en
si
ve
 
if 
no
t a
va
ila
bl
e 
fr
om
 g
ov
er
nm
en
t 
su
rv
ey
 d
ep
ar
tm
en
ts
.
R
em
ot
e 
se
ns
in
g 
an
d 
G
IS
R
eg
io
na
l p
op
ul
at
io
n 
m
od
el
s
To
 a
na
ly
se
 te
m
po
ra
l a
nd
 s
pa
tia
l 
pa
tte
rn
s 
of
 n
at
ur
al
 r
es
ou
rc
es
, 
tr
en
ds
 o
f c
ha
ng
e 
in
 c
om
po
si
tio
n 
an
d 
di
st
ri
bu
tio
n.
Sa
te
lli
te
 im
ag
es
 ta
ke
n 
in
 
di
ffe
re
nt
 y
ea
rs
.
● 
Sp
at
ia
l d
is
tr
ib
ut
io
n 
m
ap
s 
● 
 
V
ar
ia
bi
lit
y 
in
 d
is
tr
ib
ut
io
n 
ov
er
 ti
m
e 
A
re
 a
cc
ur
at
e 
an
d 
ca
n 
co
ve
r 
la
rg
e 
ar
ea
s 
an
d 
re
gi
on
s.
● 
 
Sa
te
lli
te
 im
ag
es
 m
ay
 b
e 
ex
pe
ns
iv
e
● 
 
N
ee
d 
te
ch
ni
ca
l t
ra
in
in
g 
on
 
im
ag
e 
in
te
rp
re
ta
tio
ns
To
 c
om
pu
te
 a
nd
 e
xt
ra
po
la
te
 in
te
r-
ce
ns
us
 g
ro
w
th
 ra
te
s.
● 
Po
pu
la
tio
n 
ce
ns
us
 d
at
a 
ov
er
 
tim
e 
● 
 
Se
ttl
em
en
t p
at
te
rn
s 
an
d 
en
vi
ro
nm
en
ta
l c
ha
ng
es
 
● 
R
at
es
 o
f a
nn
ua
l c
ha
ng
es
 
● 
 
R
el
at
es
 s
ta
ge
s 
of
 
en
vi
ro
nm
en
ta
l c
ha
ng
es
 to
 
po
pu
la
tio
n 
gr
ow
th
 p
at
te
rn
s,
 
in
cl
ud
es
 s
oc
ia
l d
im
en
si
on
s
Em
pl
oy
s 
hi
st
or
ic
al
 p
op
ul
at
io
n 
gr
ow
th
 p
at
te
rn
s 
in
 a
na
ly
si
s 
of
 
en
vi
ro
nm
en
ta
l c
ha
ng
es
.
● 
N
ot
 s
en
si
tiv
e 
to
 e
xt
er
na
l 
fa
ct
or
s 
ov
er
 th
e 
pe
ri
od
 o
f 
es
tim
at
io
n 
● 
 
D
at
a 
re
qu
ir
em
en
ts
 a
nd
 c
os
t 
of
 m
on
ito
ri
ng
 a
re
 h
ig
h
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1.
 M
et
ho
ds
 fo
r 
th
e 
ec
on
om
ic
 v
al
ua
ti
on
 o
f t
he
 e
nv
ir
on
m
en
ta
l i
m
pa
ct
s 
of
 t
ry
pa
no
so
m
ia
si
s 
in
te
rv
en
ti
on
s 
M
et
ho
ds
O
bj
ec
ti
ve
D
at
a 
re
qu
ir
em
en
ts
O
ut
pu
ts
A
dv
an
ta
ge
s
Li
m
it
at
io
ns
M
ar
ke
t 
pr
ic
e 
m
et
ho
d
A
ss
es
s 
th
e 
im
pa
ct
 o
f d
is
ea
se
 
in
te
rv
en
tio
ns
 o
n 
th
e 
so
ci
et
y,
 
va
lu
in
g 
th
e 
ch
an
ge
s 
in
 q
ua
nt
ity
 
or
 q
ua
lit
y 
of
 s
ev
er
al
 e
co
sy
st
em
 
go
od
s 
or
 s
er
vi
ce
s 
th
at
 a
re
 b
ou
gh
t 
an
d 
so
ld
 in
 c
om
m
er
ci
al
 m
ar
ke
ts
 
ba
se
d 
on
 th
e 
qu
an
tit
y 
pe
op
le
 
pu
rc
ha
se
 a
t d
iff
er
en
t p
ri
ce
s,
 a
nd
 
th
e 
qu
an
tit
y 
su
pp
lie
d 
at
 d
iff
er
en
t 
pr
ic
es
.
● 
D
at
a 
on
 th
e 
qu
an
tit
y 
de
m
an
de
d 
at
 d
iff
er
en
t 
pr
ic
es
, p
lu
s 
da
ta
 o
n 
ot
he
r 
fa
ct
or
s 
th
at
 m
ig
ht
 a
ffe
ct
 
de
m
an
d,
 s
uc
h 
as
 in
co
m
e 
or
 o
th
er
 d
em
og
ra
ph
ic
 
in
fo
rm
at
io
n 
 
● 
 
D
at
a 
on
 v
ar
ia
bl
e 
co
st
s 
of
 
pr
od
uc
tio
n 
an
d 
re
ve
nu
es
 
re
ce
iv
ed
 fr
om
 th
e 
go
od
s 
● 
 
C
on
su
m
er
 s
ur
pl
us
 
● 
 
Pr
od
uc
er
 s
ur
pl
us
 
● 
 
Th
e 
m
et
ho
d 
pr
ov
id
es
 th
e 
va
lu
e 
of
 th
e 
ec
on
om
ic
 lo
ss
es
 
du
e 
to
 th
e 
in
te
rv
en
tio
n 
as
 th
e 
su
m
 o
f l
os
t c
on
su
m
er
 s
ur
pl
us
 
an
d 
lo
st
 p
ro
du
ce
r 
su
rp
lu
s
● 
U
se
s 
st
an
da
rd
, a
cc
ep
te
d 
ec
on
om
ic
 te
ch
ni
qu
es
 
● 
 
Pe
op
le
’s 
va
lu
es
 a
re
 li
ke
ly
 to
 b
e 
w
el
l-
de
fi n
ed
 
● 
 
Pr
ic
e,
 q
ua
nt
ity
 a
nd
 c
os
t d
at
a 
ar
e 
re
la
tiv
el
y 
ea
sy
 to
 o
bt
ai
n 
fo
r 
es
ta
bl
is
he
d 
m
ar
ke
ts
 
● 
 
Th
e 
m
et
ho
d 
us
es
 o
bs
er
ve
d 
da
ta
 o
f a
ct
ua
l c
on
su
m
er
 
pr
ef
er
en
ce
s
● 
M
ar
ke
t m
ay
 n
ot
 r
efl
 e
ct
 th
e 
va
lu
e 
of
 a
ll 
pr
od
uc
tiv
e 
us
es
 o
f 
a 
re
so
ur
ce
 
● 
 
Th
e 
m
et
ho
d 
ha
s 
lim
ita
tio
ns
 
to
 a
ss
es
s 
ch
an
ge
s 
th
at
 a
ffe
ct
 
th
e 
su
pp
ly
 o
f o
r 
de
m
an
d 
fo
r 
a 
go
od
 o
r 
se
rv
ic
e 
● 
 
M
ar
ke
t i
m
pe
rf
ec
tio
ns
 a
nd
/o
r 
po
lic
y 
fa
ilu
re
s 
m
ay
 a
ffe
ct
 th
e 
es
tim
at
io
ns
Pr
od
uc
tiv
it
y 
m
et
ho
d
H
ed
on
ic
 p
ri
ci
ng
Es
tim
at
e 
th
e 
di
re
ct
 a
nd
 in
di
re
ct
 
im
pa
ct
 o
n 
so
ci
et
y 
of
 d
is
ea
se
 
in
te
rv
en
tio
ns
 th
at
 g
en
er
at
e 
ch
an
ge
s 
in
 th
e 
qu
an
tit
y 
or
 q
ua
lit
y 
of
 e
co
sy
st
em
 g
oo
ds
 a
nd
 s
er
vi
ce
s 
th
at
 a
re
 fa
ct
or
s 
of
 p
ro
du
ct
io
n 
fo
r 
co
m
m
er
ci
al
ly
 m
ar
ke
te
d 
go
od
s.
● 
D
at
a 
re
ga
rd
in
g 
ho
w
 c
ha
ng
es
 
in
 th
e 
qu
an
tit
y 
or
 q
ua
lit
y 
of
 e
co
sy
st
em
 g
oo
ds
 o
r 
se
rv
ic
es
 g
en
er
at
e 
ch
an
ge
s 
in
 c
on
su
m
er
 s
ur
pl
us
 a
nd
/o
r 
pr
od
uc
er
 s
ur
pl
us
 
● 
 
D
at
a 
fo
r 
co
st
s 
of
 p
ro
du
ct
io
n 
of
 th
e 
fi n
al
 g
oo
d,
 s
up
pl
y 
an
d 
de
m
an
d 
fo
r 
th
e 
fi n
al
 
go
od
 a
nd
 s
up
pl
y 
an
d 
de
m
an
d 
fo
r 
ot
he
r 
fa
ct
or
s 
of
 
pr
od
uc
tio
n 
C
on
si
de
ri
ng
 th
at
 c
ha
ng
es
 in
 
qu
al
ity
 o
r 
pr
ic
es
 o
f t
he
 fi 
na
l g
oo
d 
w
ill
 a
ffe
ct
 c
on
su
m
er
 s
ur
pl
us
 
an
d 
ch
an
ge
s 
in
 p
ro
du
ct
iv
ity
 
or
 p
ro
du
ct
io
n 
co
st
 w
ill
 a
ffe
ct
 
pr
od
uc
er
 s
ur
pl
us
, t
he
n 
ch
an
ge
s 
in
 th
e 
ec
on
om
ic
 s
ur
pl
us
 w
ill
 
pr
ov
id
e 
an
 e
st
im
at
e 
of
 th
e 
ec
on
om
ic
 v
al
ue
 o
f e
nv
ir
on
m
en
ta
l 
im
pa
ct
s.
● 
 
Th
e 
m
et
ho
d 
is
 e
as
y 
to
 
un
de
rs
ta
nd
 a
nd
 in
tu
iti
ve
 
● 
 
D
at
a 
re
qu
ir
em
en
ts
 a
re
 li
m
ite
d 
● 
 
Th
e 
re
le
va
nt
 d
at
a 
m
ay
 b
e 
re
ad
ily
 a
va
ila
bl
e,
 o
r 
ob
ta
in
ed
 
fr
om
 s
im
ul
at
io
n 
m
od
el
s,
 s
o 
th
e 
m
et
ho
d 
ca
n 
be
 r
el
at
iv
el
y 
in
ex
pe
ns
iv
e 
to
 a
pp
ly
● 
Th
e 
m
et
ho
d 
do
es
 n
ot
 m
ea
su
re
 
th
e 
va
lu
e 
of
 n
on
-m
ar
ke
te
d 
en
vi
ro
nm
en
ta
l g
oo
ds
 a
nd
 
se
rv
ic
es
 
● 
 
Sc
ie
nt
ifi 
c 
un
de
rs
ta
nd
in
g 
of
 
th
e 
re
la
tio
ns
hi
ps
 b
et
w
ee
n 
th
e 
ch
an
ge
s 
an
d 
pr
od
uc
tiv
e 
ou
tc
om
es
 a
re
 n
ee
de
d 
● 
 
So
m
e 
la
gs
 in
 te
m
po
ra
l 
an
d 
sp
at
ia
l e
ffe
ct
s 
ca
n 
oc
cu
r 
si
nc
e 
ch
an
ge
s 
in
 
pr
od
uc
tiv
ity
 a
ss
oc
ia
te
d 
w
ith
 
th
e 
en
vi
ro
nm
en
ta
l e
ffe
ct
s 
m
ay
 
ta
ke
 a
 lo
ng
 ti
m
e 
to
 b
e 
se
en
 b
y 
fa
rm
er
s 
To
 e
st
im
at
e 
th
e 
di
re
ct
 im
pa
ct
 o
n 
so
ci
et
y 
of
 d
is
ea
se
 in
te
rv
en
tio
ns
 
th
at
 g
en
er
at
e 
ch
an
ge
s 
in
 
th
e 
qu
an
tit
y 
or
 q
ua
lit
y 
of
 a
n 
ec
os
ys
te
m
 g
oo
d 
or
 s
er
vi
ce
, 
un
de
r 
th
e 
pr
em
is
e 
th
at
 m
ar
ke
t 
pr
ic
es
 r
efl
 e
ct
 e
nv
ir
on
m
en
ta
l a
nd
 
no
n-
en
vi
ro
nm
en
ta
l a
ttr
ib
ut
es
 
an
d 
th
e 
co
ns
um
er
 b
eh
av
io
ur
 c
an
 
be
 r
ev
ea
le
d 
th
ro
ug
h 
su
rr
og
at
e 
m
ar
ke
ts
.
G
en
er
al
ly
, c
ro
ss
-s
ec
tio
n 
an
d/
or
 
tim
e-
se
ri
es
 d
at
a 
on
 r
ea
l e
st
at
e 
pr
op
er
ty
 v
al
ue
s 
an
d 
pr
op
er
ty
 
an
d 
ho
us
eh
ol
d 
ch
ar
ac
te
ri
st
ic
s 
fo
r 
a 
de
fi n
ed
 m
ar
ke
t a
re
a 
th
at
 in
cl
ud
es
 d
iff
er
en
t l
ev
el
s 
of
 e
nv
ir
on
m
en
ta
l q
ua
lit
y 
ar
e 
ne
ed
ed
.
H
ed
on
ic
 fu
nc
tio
ns
 th
at
 c
an
 
be
 c
an
 b
e 
us
ed
 to
 d
et
er
m
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